Background: Interventions that promote adjuvant endocrine therapy (AET) adherence are critical to improve breast cancer survival. The development of interventions would benefit from a better understanding of the reasons for adherence and the causal relationships of determinants using theoretical or model approaches. The aim of the present study was to identify reasons for AET adherence in breast cancer patients with sequential relationships and inter-relationships. Methods: A total of 210 participants with estrogen receptor positive breast cancer who received AET completed a questionnaire assessing demographic/medical, psychological, and endocrine therapy (ET)-specific factors. A descriptive analysis was performed to identify meaningful variables. Selected variables were subjected to hierarchical regression and path analyses. The path model was tested and modified based on the research framework and the results of regression weights and model fit. Results: Analysis of sequential effects showed that ET-specific factors contributed the largest proportion of variance (13.4%) to predict AET adherence, followed by psychological factors (4.6%) and demographic/medical factors (3.1%). Analysis of inter-relationships showed that demographic/medical factors such as AET regimen type and cancer stage have direct effects on AET adherence, whereas psychological factors contribute indirectly through the mediating effects of ET-specific factors. Conclusion: Assessments and interventions that encompass the patient's medication beliefs, self-efficacy, and depression are needed to promote AET adherence.
Background
To reduce the risk of recurrence and mortality in women diagnosed with hormone receptor positive breast cancer, current guidelines generally recommend 10 years of adjuvant endocrine therapy (AET) [1] . Despite the efficacy of AET, adherence rates range from 41% to 72% when measured over 4 years [2] . Early discontinuation or non-adherence to AET is associated with increased mortality [3] . Therefore, interventions aimed at improving AET adherence are critical to increase breast cancer survival rates.
The development of patient-centered intervention strategies is important to promote patient adherence to treatment. Identifying the determinants of adherence and explaining the causal relationship of determinants using theoretical or model-based methods may help understand the reasons for adherence and thus the development of patient-centered intervention approaches.
Two analytical methods were proposed to examine the relationships between variables based on current models [4] . Hierarchical regression analysis is useful to assess the effect of determinants on predicting the outcome in a sequential manner. Path analysis is well suited to evaluate the inter-relationships between determinants and their direct and indirect effects on the outcome.
A study that examined the hierarchical effects of determinants for AET adherence suggested the existence of three levels of determinants, namely, demographic/ medical factors, psychological factors, and endocrine therapy (ET)-specific factors [5] . Demographic/medical factors include variables such as age, education, employment status, type of AET, and operation type [5] [6] [7] . Depression, anxiety, and perceived physical symptoms [8] [9] [10] could be categorized into psychological factors. ET-specific factors include necessity-concerns beliefs on medication and self-efficacy with regard to AET [8, 11] .
However, the inter-relationships between AET adherence factors have not been investigated yet. The patient adherence model hypothesized patient-related determinants of adherence in a more comprehensive way to determine inter-relationships between AET adherence factors [12] . According to the determinants of the patient adherence model, which examined for dyspepsia medication adherence, demographic/medical and psychological factors could contribute to necessity-concerns beliefs on medication and self-efficacy. These associations could be applied to the analysis of patients who are prescribed AET. The design of patient centered interventions to improve adherence could be considerably facilitated by determining the reasons for adherence from both sequential relationships and inter-relationships.
The purpose of the present study was to identify reasons for adherence with sequential relationships and inter-relationships. Based on previous studies [8, 12] , we proposed two hypotheses within the research framework (Fig. 1) . First, three levels of determinants would affect AET adherence sequentially. Second, demographic/medical and psychological factors could affect ET-specific factors, and determinants could contribute indirectly to ET therapy adherence. We identified the level of determinants that are predictable and the level of determinants with a high impact using hierarchical regression analysis. In addition, the path model from the research framework was evaluated and modified to identify the optimal model to explain AET adherence using path analysis.
Methods

Design and participants
A cross-sectional design was used in the present study. Participants were recruited from the outpatient clinic of Asan Medical Center, a University-affiliated hospital in South Korea, between July 15 and August 24, 2016. All patients with histologically confirmed breast cancer were consecutively screened for eligibility. The selection criteria were as follows: age ≥ 20 years; a completed regimen of neoadjuvant or adjuvant chemotherapy; a diagnosis of stage 0, 1, 2, or 3 breast cancer; no history of psychiatric or neurologic illness; no recurrence or presence of secondary breast cancer; and ongoing AET for breast cancer at the time of the visit. After screening for eligibility, 400 eligible patients were asked to participate by a research nurse and 254 patients consented. Out of 254 patients, 44 patients were excluded because they had not responded entirely to all of the questions in the questionnaire. In total, data from 210 patients (52.5%) were used in the analyses. All participants completed written informed consent forms approved by the Institutional Review Board (no. 2016-0351).
Study variables Adherence
Adherence to AET therapy was assessed using the Morisky Medication Adherence Scale-8 (MMAS-8) questionnaire, which uses an 8-item scale [13] [14] [15] . Scores obtained on the MMAS-8 range from 0 to 8, with higher scores indicating higher adherence. Permission to use the validated Korean MMAS-8 was obtained from Dr. Morisky. 
Demographic/medical level variables
Demographic variables included age, marital status, menopausal status, employment status, educational level, and family history of cancer. Medical variables included the type of AET, time from the start of AET, type of surgery, cancer stage, and completion of chemotherapy or radiotherapy. Demographic and medical variable data of the participants were retrieved using the electronic medical record (EMR) system with the consent of patients.
Psychological level variables
Menopause-related symptoms were measured using the 11-item Menopause Rating Scale (MRS) [16] . Patients responded to 11 items on a 5-point Likert scale ranging from 0 (no complaints) to 4 (severe symptoms). The Korean version of the MRS scale was obtained from the MRS network (http://www.menopause-rating-scale.info) after obtaining permission from Dr. Heinemann.
Symptoms of depression were measured using the 20-item Center for Epidemiological Studies-Depression Scale (CES-D) developed by the National Institute of Mental Health. The Korean version of the CES-D that was specifically developed for Korean populations was used [17, 18] . Patients were asked to indicate their responses using a 4-point Likert scale (from 0 = rarely or never to 3 = almost all or all of the time). Scores ranged from 0 to 60, with higher scores reflecting more severe depression symptoms.
The short version of the Fear of Progression Questionnaire (FoP-Q-SF), a 12-item scale [19, 20] , was used to measure the degree of fear of disease progression. The FoP-Q-SF items were scored on a 5-point Likert scale ranging from 1 (never) to 5 (very often), with higher values indicating higher levels of anxiety.
ET-specific level variables
The beliefs about AET were assessed using the Beliefs about Medicines Questionnaire (BMQ)-Specific. The questionnaire includes five queries that address the necessity of prescribed medications (necessity beliefs) and five queries that address concerns regarding potentially adverse consequences while taking the medications (concern beliefs). Each subscale score ranges from 5 to 25, with higher BMQ-necessity scores meaning higher perceived medication necessity, and higher BMQ-concern scores indicating higher perceived medication concerns. The BMQ-Specific was used with the permission of the questionnaire developer, Prof. Horne [21] . The original English version of the BMQ-Specific was translated to Korean and then translated back to English by two independent clinical experts and a native English speaker to ensure semantic and structural equivalency [22] .
Participants responded to questions of the Korean version of the general self-efficacy (GSE) scale [23] , which was originally developed in Germany by Matthias Jerusalem and Ralf Schwarzer [24] . The GSE is a 10-item psychometric scale ranging from 0 to 40, with higher scores representing a higher level of self-efficacy.
Analysis
A descriptive analysis of the demographic/medical, psychological, and ET-specific characteristics was performed. The correlation between these independent variables and the MMAS was determined to identify meaningful variables that could be subjected to hierarchical regression and path analyses. Correlation analysis was used for continuous variables, and the t or F test was used for categorical variables.
To identify the sequential effects of the three levels of determinants, selected variable sets were entered into a hierarchical regression analysis in three steps: demographic/medical variables, psychological variables, and ET-specific variables.
The inter-relationships between selected demographic/ medical, psychological, and ET-specific variables were investigated. The first path model was designed in accordance with the hypothesis of three levels of determinants. The path model was tested and modified by adding and removing a path based on the research framework and the results of regression weights and model fit [4, 25] . The model fit was compared using the Chi-square, normed fit index (NFI), comparative fit index (CFI), and root mean square error of approximation (RMSEA) methods. Standardized coefficients and calculated direct, indirect, and total effects were reported. IBM SPSS 23 and AMOS 21 were used for analysis.
Results
Characteristics according to the three levels
A total of 210 patients were included in the study. The mean age of patients was 50.31 years (SD = 9.03, range = 25-76), and most of them were married (90.4%). There were 19 (9.0%) participants who had a family history of breast cancer, and 83 (39.5%) participants who had a family history of other cancers. Most participants had conservational surgery (87.1%), and received selective estrogen receptor modulators (SERMs) (77.6%). The mean time on AET was 26.75 months ( Table 1) .
The mean score for AET therapy adherence was 6.36 (SD = 1.65, range = 0.3-8.0). When the mean score was compared to the cutoff for adherence [13] , there were 54 (25.7%) highly adherent patients with a score of 8 on the scale, 79 (37.6%) medium adherers with a score of 6 or 7, and 77 (36.7%) low adherers with a score of below 6. At the demographic/medical level, participants who had invasive cancer (stage 1-3) (t = 2.554, p = 0.011) and received aromatase inhibitors (AI) (t = 2.068, p = 0.040) had higher MMAS scores.
At the psychological level, a lower CES-D score indicating a lower depression level was significantly related to a higher MMAS score. Patient with higher necessity beliefs and self-efficacy and lower concerns beliefs tended to have higher MMAS scores at the ET-specific level.
Sequential effects of determinants according to the three levels
Based on the three levels of determinants, cancer stage, AET regimen type, depression, necessity belief, concerns belief, and self-efficacy were identified as significant variables. To compare the effects of the three levels of determinants, MMAS scores were regressed to the variables using hierarchical regression analysis. (Table 2) .
Inter-relationships between determinants
The first path model (Fig. 2-path model 1) was tested, and the model fit indices were unacceptable, showing a significant Chi-square value [χ 2 (df = 11, n = 210) = 84.404, p < 0.001, CFI = 0.489, RMSEA = 0.179, NFI = 0.508]. The paths were modified according to the statistical analysis results and a review of the literature. The analysis showed that depression had a stronger relation to concerns beliefs (r = 0.506, p < 0.001) and self-efficacy (r = − 0.397, p < 0.001) than to ET adherence (r = − 0.204, p = 0.004), and it had a weak relationship with necessity belief (r = 0.139, p = 0.051). Demographic/medical factors including AET regimen type and cancer stage were not related to psychological and ET-specific factors. After changing the paths and testing the models (Fig. 2-path  model 2 ), a final model was obtained (Fig. 2-path model  3) . The model fit indices of the final path model indicated a good fit to the data [χ 2 (df = 12, n = 210) = 6.722, p = 0.875, CFI = 1.0, RMSEA < 0.001, NFI = 0.961]. All the direct path coefficients were significant at the 0.05 level. The standardized path coefficients linking depression to concerns beliefs and depression to self-efficacy were relatively large (Fig. 2-b) . The total effect was largest in necessity belief to ET adherence (Table 3) .
Discussion
In the present study, determinants of AET adherence were examined regarding sequential relationships and inter-relationships.
Univariate analysis showed that MMAS scores differed significantly according to AET regimen type and cancer stage. Also, MMAS scores correlated with depression, beliefs on medication and self-efficacy. Thus, these variables were selected for further multivariate analyses.
Analysis of the sequential effects of the three factors showed that ET-specific factors were responsible for the largest variance (13.4%) to predict AET adherence, followed by psychological factors (4.6%) and demographic/medical factors (3.1%). Additional entry of each factor increased R 2 significantly, resulting in a final regression model that accounted for 21.1% of the variance in adherence. This result was consistent with those of previous studies [8, 26] and carries implications for intervention strategies based on the three levels of factors. In detail, depression was statistically significant in model 2, which includes only demographic/medical and psychological factors. However when ET-specific factors were added, depression was no longer significant. Therefore, additional analyses of the direct and indirect effects of the determinants were performed. There are few reports on the effect of AET regimen type on adherence. One study reported that AET regimen type is a determinant for adherence [6, 27] . The present data did not show an association between AET regimen type and psychological variables or ET-specific variables. However, among the demographic/medical factors, AET regimen type had a significant relationship with age (t = 10.842, p ≤ 0.001), FSH level (t = 12.488, p < 0.001), and node metastasis (χ 2 = 7.123, p = 0.008). Similar to AET regimen type, cancer stage was not related to psychological variables or ET-specific variables in the present study, whereas a relationship with type of surgery (χ 2 = 4.378, p = 0.036) was identified from the data. AET regimen type and cancer stage seemed to show a relationship with other demographic/medical factors that affect AET adherence. Additional studies could be suggested to explain these relationships.
The demographic/medical level findings indicated that they have direct effects on AET adherence, rather than indirect effects as predisposing factors of psychological or ET-specific level factors. Variables identified at this level draw attention because they are non-modifiable risk factors and specific characteristics of breast cancer patients.
Depression is a known determinant of medication adherence. However, the mechanism underlying the relationship between depression and medication adherence is not well understood. A previous study suggested that participants who are anxious or depressive in the early stages of treatment are likely to be motivated to take medication [9] . By contrast, the results of our study indicated that highly depressive patients tend to be nonadherent, and this result is consistent with those of other previous studies [8, 28, 29] . We have tried to explain this result as an indirect effect of depression with ET-specific factors, since the effects of self-efficacy and medication beliefs on medication adherence are known. High selfefficacy, high positive beliefs on medication, and low negative beliefs on medication are more likely to lead to adherence to prescribed medications [5, 11, 30] . Several studies which focused on self-efficacy and medication beliefs as mediators linking depression and medication [31] found that self-efficacy played a mediating role between depression and medication adherence in hypertensive patients. ME Hilliard, MN Eakin, B Borrelli, A Green and KA Riekert [32] reported that medication beliefs were the mediators in cystic fibrosis patients. The present study supports the idea that depression contributed to ET-specific factors. Higher depression was statistically related to higher concerns beliefs, lower selfefficacy, and consequently lower adherence to AET. Although necessity beliefs were not affected by depression, there was a significant association between concerns beliefs and necessity beliefs. The direct effect of depression on medication adherence was not significant when the mediating variables were included in the model. The mechanism underlying the relationship between depression and medication adherence can be explained using ET-specific factors as mediating factors including selfefficacy and medication beliefs. These results suggest that assessments and interventions need to consider the patient's medication beliefs, self-efficacy, and depression to promote AET adherence. Interventions could vary according to the associated depression. Interventions for medication beliefs and self-efficacy are usually delivered by educating and counseling, whereas treatments for depression could include a pharmacological approach [28] . In addition, the efficacy of depression self-care intervention for increasing self-efficacy was reported previously [33] . Understanding the mechanism underlying medication adherence is important to increase the adherence rate and promote a positive health outcome, and there are ongoing efforts to explain this mechanism. To the best of our knowledge, these efforts have mainly focused on identifying determinants of AET adherence. Few studies have addressed the relationships among the factors [6, 30] . We designed a research framework based on the hierarchical model of AET adherence determinants [8] and a determinants of adherence model that was developed for dyspepsia medication [12] . Our data showed that associations between psychological factors and ET-specific factors were well fitted to the research framework, whereas demographic/medical factors showed discrepancies with the research framework. Finally, a path model was generated to explain the adherence to AET using demographic/ medical, psychological, and ET-specific factors. These results could be used during the development of patientcentered interventions. Tailored interventions could be planned depending on the regimen and cancer stage. Also, the patient's medication beliefs and self-efficacy should be assessed in combination with depression to implement individualized interventions.
The cross-sectional study design of the present study limits the interpretation of the results as causal relationships. To explain the causal relationships with evidence, we hypothesized relationships based on previous research and evaluated by path analysis. Additional studies are needed to confirm these relationships. Although our sample was from one of the top five major cancer treating about 15% of all breast cancer patients in Korea and the patients were recruited by five different surgeons, bias could have occurred because the participants were recruited in a single tertiary hospital setting and the reason for the rejection of non-participants was not analyzed. More analyses assuring the representativeness of the study population will be needed to decrease the bias. Lastly, the AET adherence data were collected using subjective measurements based on self-reporting. The poor ability of self-reports to measure adherence is well known [34, 35] . Although we used MMAS-8, which has shown reliability and validity, further studies using objective measurements will be necessary.
Conclusion
The present study investigated the determinants of AET adherence as AET regimen type and cancer stage at the demographic/medical level, depression at the psychological level, and belief and self-efficacy at the ET-specific level. Despite the direct effects of AET regimen type and cancer stage on AET adherence, depression contributes as an ET-specific factor such as concerns beliefs and selfefficacy. To promote AET adherence, assessments and interventions should consider the patient's medication beliefs, self-efficacy, and depression level. 
